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Fla GinnafFolE <o 8- EEILE

Region

1 2 3 4A
Number of Assemblies
Cyclec 1A (Initial fuel loading) 41 40 40 -
Cyclc 1B (Loading after Feb, 1972 41 40 28 12

shutdown)

Rods per Assembly 179 179 179 179
Enrichment, ¢ of U-235 2.4 4 278 3.4 8 320
Clad OD.(In.) 0.422 0.422 0422 0.422
Diametral Fucl-to—Clad Gap -

65 6.5 6.5 6.5

Thickness,mils)

Pellet Density,% Theoretical ?4 ?2 ?0 72
Helium Prepressurized Neo No Np Yes
#FZ1h Ginnaﬁ@ﬁfiﬂt‘yﬁﬁﬁﬁﬁ

Region
Number of Assemblies 1 2 3 4A
Examined 20 22 11 1
Num;i:m?ieiuel Rods 1040 1144 572 52
e 1epsea Sertinnsg 21 83 20 0
00 1w
Ftrte GinnafolRgvriifsiEgils
Regf:in
Number of Assemblies 1 2 3 44 4 4B
Cycle 1B(Feb 72—Apr 72) 41 40 28 12 0 0
Cycle 2(After April 72) 38 10 0 12 l4D 21
Rods per Assembly 179 179 17¢9 179 179 179
Enrichment. 244 278 348 320 314 290
Pellet Density ¢4 92 g0 92 ?4 g4
Helium Prepressurized No No No Yes Yes Yes
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= 2. I TFYORMERCEH WA~V » | 454

Structural | Powder Tratment | Sintering |Sintering [ Mean ou
Stability Temp , time Sintered ratio
Q) (hours) Density
@ T.DJC(
Unstable 1300 1 87 2,013
87
Metastable | 1.5¢ Naphthalene- 1400 3 87 2006
UO, annealed at
Stab 2
able 1200 T 1600 5 87 2096
Unstable 1400 3 92 2014
Stable 2% Naphthalene 1600 5 %2 2,002
Stable 1600 5 95 2,01
#F3 ~rFrEEERICAV LR ZREESYE
Cluster Lower Upper
Rod No
Parameter 201|202 |203| 204|205 (206|207 (208|209 (210211212
95 X X
Nominal
92 X X b4
Density %TD,
87 p:d p:4 x X X 4
Pellet Stable b X b4 X
Stability |[Metastable X
Unstable X X X X X %
Heat High X b4 X X X b4
Rating Low 4 X X X | X
Clearance 3501 X E [x [x [x [x | x | x X
701 X X
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K4 a7 BEERER

Material 870 87 878 920 928 958
Code

Initial -
Density (@ 87 87 87 , 92 92 95

Halden RodNo 205 20¢9 2064 204 208 203 211 202 207

Density Increase (@)

Burnup
(MWa, MTU) .
20 1.85 0.2 2
42 2.83 037 010 0.47 011
54 335 0.50
72 3.62 055 0.086
110 448 .92 013 111 0.14
112 4.3 4 008 0.83 0.200
124 4.3 4 0.08 0.83 0.200
144 4.87 .08 018 128 0.14
230 518 156 052 1.7 6 0.22
266 583 .67 052 182 0.22
464 5.6 1 0.10 1.68 0.286
700 566 0.2 1 1.9 6 0.400
744 589 0.2 6 234 0.400
1226 6.00 272 126 2.73 0.55
1350 5.89 0.42 2.42 0.400
1892 6.4 6 299 163 305 0.55
1930 589 0.47 2.47 0.400
1991 658 299 175 316 0.50
2340 5.9 5 0.58 2.70 0.429
3750 698 515 196 528 0.72
4210 710 321 207 3.3 4 0.78
4860 6.8 1 526 226 336 0.75

NOTE : These data were obtained on rods with large(13.8mil—350 pm)

diametral gaps to eliminate pellet—clad mechanical interaction,

—_1 1=
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BAND OF FINAL DENSITIES

BAND OF INITIAL DENSITIES
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IFA—401'LOWER CLUSER

\' \Aq._a 202

=
=
o
Z
- 203
- B 204
14
z
S 18
- L
S wROD2a 4
2 sl aRODzu 2
g ORODza5
. - @RODz03
] | BRODz0 6
(3]
o~
[ta]
B -
O 205
_ Burn—-upMWd /ten
[ 1 ]
1 - 18 100 1000 10008

6 MREBRLLZLELE VoL~ 15 lower cluster )

I
IFA—40t UPPER CLUSTER

=L ey A ey, o 208
Lt TR Y g v 307

v ROD207

PERCENT REDUCTION IN LENGTH

A ROD208

1.8 © ROD 21 0 210
@ ROD20%

2.0p
EROD 212 o 3 209
o ROD210

Burn-upMWd . ton

| 1 I
1 10 400 1000 10a00

K7 BREECIAZLELEho%kib(~r7r, lower cluster)

— 14—
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Reduction tn stack length (%)

Reduction in stack length (%)

Reduction in stack length (%)

12}

1.5

. o Rod 205 Lower cluster

2.0 ¥ Rod 206% Upper ecluster

87% 1.1 Unsteble

|Illl|l!ll]ll"|‘1|'

1o 1 b bt 3 by gyl

X
Burn—up (WMd.” ton)

] 1 |
10 100 1000 10000

Reduction in stack vs burn—up for identical upper and lower cluster rods containing
87% T,D,unstable pellets,

| I I
3]

10— 4
15_ » Rod 203 Lover cluster 7
C o Rod 211 Upper cluster ]
L 92% T D Unstable -~
2.0~ -

] ] ]

t0 100 1000 10000
Burn up (MWd, ton)
Reduction in stack vs Burn—up for identical yppsr snd lower cluster rods containing
92% T D Unstable pellets,

05— =

1.0|= -
& Rod 208 Upper clugter

15— X Rod 204 Lower cluster .

1 1 |
10 100 1000 10000
. Burn up (MWd/ ton)

Reduction in stacktlength va burn up of identical lower and ypper cluster rods of
87% T D stable pellets
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BOTTOM
END PLUG

1923 in SPACER Npi

a

l ALL MEASUREMENTS

FROM THIS LINE

z9p5in SPACER No 2
|

45.55 51.05 53.30 56.48
g sei8in SPACER o3
LOCATION 44.75 47.06 51,75 55.23
FROM BOTTON (INCHES) - | I ]
O o] [ o) o= o = (=) (=]
GAP WIDTH N - = e 2 o = ©
g g = g =2 2 3 =
LOCATION 5928 40.20  61.90 63.85 65.75 67.70
FROM BOTTOM |so5g | 61.10 | 42,50 64.40 46.80
ANCHES)
s o o Q o o [as) (o] =] [am ]
GAPWIDTH 5 5 3 3 g a 5 by = g
o o o o o (=] o o o

11 BRPREBdo@ERF ¥ ¥ TAlEER
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FREQUENCY

0.700

0.800

0.700

0.080

0.002

-
|

”

‘Separation Pellet/Pellet Transverse Cracks

(inches) Intertace (One per pellet)

<0010 0.790 0974
0.010 0116 0.004
0020 0040 0008
0030 0020 0.003
0040 0010 0.003
0.050 0002 00053
0.040 0.007 -
0.080 - p.co07
0.050 - 0.0007
0140 — 0.0007
0.180 - " 00007

_PELLET PELLET INTERFACE

/_'IRANSVERSE CRACKS
- ™ -~
~ i

0.010 0.020

U.Dt-lﬂ ' 0040 0.100°  0.140
DIMENSIONS OF SEPARATIONS (in)

12 BRP& HumboldtOBEFOEr v 7 O5 %

—19—

0.190
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®S5 TvroryxfEFOBHNEROEM

Fuel [Smeared| Gap [Linear|Percent?® Voidb
Blement| Fuel |Density|Denstty | Size [Power Leng th |[Diameter Observations
Number | Type | @TD) | (BT il | Change| Gmils
418 AP3 (Pellet 847 815 4 114 -245 ~15
422AP3 |Pellet 845 814 4 1119 -241 15-20 Pellet interfaces regular
423AA3 |Pellet 844 815 4 108 - 2568 ~10 and well defined on neutron
426 AP1 |Pellet 844 813 4 114 -143¢ i0-15 radiographs Very obvious
1 Pshl:inkz}.ge of fvel colunns.
518AP3 |Pellet 847 815 4 145 - 195 35-410
522AP5 |Pellet 845 814 4 137 - 211 25-30
5246AP1 | Pellet 843 812 4 147 -215 35-40 |,
419BA3 |[Pellet 202 876 4 129 + 0.10 None
424CP3 |Pellet 904 8753 4 115 +0.10 None
425CA5 |Pellet 204 873 4 114 +013 None
427/l {Pellet 206 872 4 115 +0.17 None :
428BP1 |Pellet 895 B75 4 116 + 010 None Less well defined pellet
429B01 |Pellet 898 873 4 11.7 +006 None vinterfaeces than in the
low density fuel eolunns.
517BAS [Pellet 2?05 872 4 155 - 0.48 ~20
524BP3 |Pellet 905 873 4 157 +0.03 15-20
527BM1 |Pellet 209 875 4 154 -0.11 ~15
528BP1 [Pellet 894 864 4 151 -0.08 ~20
529B01 |[Pellet 8928 B b4 4 154 +0.17 10-15 |}
432BP1 |Pellet | 8998 819 10 113 +017 5-10 Small irregular void.
| 523BP1 |Pellet | 898 819 1w | 145 | +040 | ~40 Wavy irregular void with
bridged pellet gaps.
19-12R |Sluggedd 924 8%.0 4 120 -020 | ~5 Void in center pellets only.
19-11R |Slugged| %24 857 8 117 -010 10-15 | Pellet dishing apparent.
19-19R |Slugged| 924 B0 4 | 154 -0.11 15-20
19-15R |Slugged| 924 857 8 145 N/A ~30 Slightly irregular void.
414CV5 [Sol-Gel - 807 — 110 o ~15
S
530CV1 |S01-Gel - 845 - 143 - 042 25-30 | Large void in top 25 in
22‘1]])132 Peiie: zig z:'i : :g; :3;; II\I\Ione Indistinet interfaces
DaS fPelle i one between pellets.
431DP1 |Pellet 250 914 4 123 +003 None
520DP5 [Pellet | 950 215 4 154 + 042 <10 Indistinct pellet interfaces:
521DA5 [Pellet 949 213 4 157 -0.02 <10 voids in center pellets onl
531DP1 |Pellet | 949 913 4 | 1ss | +0o0s |<10 ¥

.,

8probable accuracy =0.10%AL,/L

bApproximate values only

cShrinkage underestimated because of

d Two-stage cold-pressing operation:

first-stage high-pressure compactim and

granulation, second-stage low-pressure

eracked fuel (element dropped during handling compaction.
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#é EBR-~I ToRHEH

Irradiation Conditlons

Fuel = . ‘ Opersting Condltione
Fuel- |
Ciadding .
Dianetral| Pellet ] Section | Local | Local
Dl'am|Length Gap [Density |PuO2z | inlJ Location | Durnup Power
Designation | G | (n | @il %D |(® |@ | Cladding (0 (VWM | @i D
PN 1-19-C-4{0211[ 135 6 904 | 25 |95 |Type-304 8 51 9 100 9.6
0250,in 0. d
X0016 in thick
PNL3-27-F |0212| 135 6 888 | 25 | 071|Tvpe-304 S8 79 |27 oo 51
0259, in o &
%0016 in, thick
PNL 11-22D {0104| 135 6 909 | 25 | 65 |Type-316 SS20| 1 1 50 104
o OV0.230 in.o. d
X0015 in thick

®Pistance fram bottom of fuel column. .
bCalculeted for plane of section from Nd burnup analysisnear midplane of fuel colymn.

R7 BENRCSTIRBLLEOERMES L USHEHEO LB

aD=- (4374049 x10 °T+ (245+062) x10~ ' °12p

Fuel Diameter Decrease (pm)P
Irradiation|Local Eumup | Temperature Measured bv Measured from

Test ¢Wa, MTM (® | Predicted Regression Calculation | Frequeney Change
PNL1 1b 1 850 1140 0.0774003 0083 0.18402 6
1 850 1430 0.0764003 0.10 0.264052
1 850 14640 ¢ ooz 0+045

0.33

PNL 1 % 100 1150 031+0.10 039 0334020
' g 100 i470 0.2840.09 0.25 0304+024
¢ 100 1800 c 012 0224024
PNL 3 | 27 zo0 1050  |045+010 039 0454020
N 27 200 | 1210 0.3440.90 037 0364016
27 200 1420 0194013 0.21 C Dt64+016

Uncertalnhes are shown at 95% confidence levels.
Pore dismeter changes for PNL 11 burnup are too small to be statlstlcally significant
at 95% confidence level.Measured values were not used in caleulating the shrmkage
ifnnetion but are given to- show the magnitude of the measured changes.

easurements at edge of equiaxed grain region

— 34—
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Element 418AP3 @11.4KW,/ft " Element 522AP5 @13.7KW,/ft
BEFORE AFTER | AFTER BEFORE
X-Ray N—Ray N—-Ravy X—Ray

Capsule Wall ————

eeee—aCladding Wall e

Holddown
= Tube

Collapsible
Ni Bellows™ ——=
m g

S.S. Washer

AL

M20 BEFcesFzrzlzhoBHAA
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D,y =127%X10—29Ccmsfission
FFnb L, 20,00 OMWD,MTM, 8% 17, 00Cct=100hr &% b
XRAECH, cOBMR* LK RBEAL, FROLE Lt boiai4000~5000
MWD MTM Tt#acé, $LU T YyORFEBRLFAELROLBEHER» L, FHOTEL
2 hoT/ER. FAT1700C, 2 4BHEHELALEEZFELREMtC LT RLA,
BEOEMLA M FYORYBEREFAMBTF 2P (17000, 248/ )okEx. 23

VC !]_.\' To

—37—



SN84a1—-74—24

3.0

25 _
E 67U
[44]
0
& 0
[44]
&
£
§ 20— -
O
&
4
Qs -
3
ﬁ 87M

.m O

>

1.0 = -
E 92U
[ O
Z _

sl rd .

67
928 S
Q
258
l 1 | 1 [
0 0.5 1.0 1.5 2.0 2.5 3.0

RESINTERING PELLET LENGTH CHANGE PERCENT

M25 FATELEOLFAOTELRD (1700C, 2456 ) 0k

38—



SN&841—74—24

X # i

BAKFREBEOPE L2 VHBICOWTHELAER, 2¥0BER B A,
1. BEloezsz hoER, RESEoMERKKTEAERNOX v+ »7 K2 2. aLBRATEH

TE& B,
AL= D‘_96Z_-J°L 0.0025)]_, P I
LiggMgEOoRS

pis~v»rOoRBINEE
2 BMBEora L2 YoOERETI2BEHIFBECTILE. 2 » 2 BEEb. aLiikRCHEL 6
haREIRTMAXDIOLELTHETE 2,

Al= (D' 9 ¢ 2_ Po ) D 1]

3 BRovEzLihoRRETLIFETFmMOBA R, RATHLALbN S, B COERID
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